ABSTRACT. The occurrence and structure of associations and communities of aphids (Hemiptera: Aphididae) in different types of midfield thickets (boundaries, bushes and "forest islands") characteristic of the Lower Vistula River Valley region are described. The study shows that midfield thickets in an agricultural environment are more attractive to aphids than those in a landscape park. It indicates that aphids choose sites with a superior availability and quantity of food and where midfield thickets border a large area of fields under cultivation. Midfield thickets are habitats which are either not inhabited by aphid species considered to be plant pests, or are treated by them as sites for further dispersal. Moreover, the aphids are often subspecies not regarded as pests, as in the case of Aphis fabae, or they feed mainly on herbaceous plants, like Hyalopterus pruni, which is most commonly recorded on common reed.
INTRODUCTION
Farming, especially of the more intensive kind, has completely transformed the rural landscape. Its impact on the environment is not to be underestimated. Sustainable development is being promoted in an attempt to counteract this trend. One aspect of such development is organic farming which, ideally, is based on a mosaic-like agricultural landscape. Arable fields should be divided by different types of refugia, e.g. midfield thickets of trees and bushes, midfield boundary strips, forest islands, watercourses and treelined roads (RATYŃSKA & SZWED 1998) . Still underappreciated, these habitats do enrich the landscape structure, as research has demonstrated. Such landscape enhancement is achieved by expanding the mosaic-like character of the area, by increasing biodiversity and by improving the state of the environment. These habitats are also the living environment for numerous small animals (BASEDOW 1990 , PAWLIKOWSKI 1991 , BENNEWICZ & KORCZYŃSKA-KRASICKA 1997 , BENNEWICZ & KACZOROWSKI 1999 , BARCZAK et al. 2000 , BENNEWICZ 2001 , ANDRZEJEWSKA 2002 , BANASZAK & CIERZNIAK 2002 , BENNEWICZ 2002 , DENYS & TSCHARNTKE 2002 , PAWLIKOWSKI & ŻEGLICZ 2003 , SZWED & ANDRZEJEWSKI 2002 , WILKANIEC 2003 , PIEKARSKA-BONIECKA 2005 .
In crop protection, the biological control of agrophages is becoming an important factor for natural resources management and in the programmes of IPM -Integrated Pest Management. IPM also aims to broaden the knowledge and hone the skills of people directly involved in agricultural production, so that they have a proper understanding of the natural world around them (POWELL 1986 , EHLER 1990 , DĄBROWSKI 2001 .
One of the main objectives of crop protection today is to employ the natural resistance of the environment in agrophage control. So a favourable crop -agrophage -natural enemy system will protect crops, and at the same time reduce the consumption of agricultural chemicals. Even so, the introduction of biological control is still problematic, because existing biological protection systems for particular crops are still rather unsophisticated (LOUDA et al. 2003) .
Ecologists believe that the more diversified the landscape structure, the more varied the habitats. Consequently, there is a broader diversity of fauna and flora and a higher proportion of eurytopic species. In such environments the exchange of matter, energy and species proceeds more intensively and in different directions and, as a result, the whole landscape system is more stable and resistant (DĄBROWSKA-PROT 1998) .
Taking into account the above needs, a study was designed to evaluate the semi-natural environments in an agricultural landscape as refugia for aphid fauna, based on premises emerging from a literature analysis. The following objectives were set for addressing the problem formulated:
-to determine the occurrence and to perform qualitative and quantitative assessments of aphid communities (Hemiptera: Aphididae) associated with wild plants of particular plant assemblages (field boundary strips, bushes and midfield islands) characteristic of the Lower Vistula Valley, and to indicate the types of midfield thickets that are attractive as a food source to numerous aphid communities.
STUDY AREA
In terms of physical geography, the sites under scrutiny lie in the province of the Central European Lowland, the subprovince of the Southern Baltic Lake Districts, in two macroregions:
1 -the Chełmno-Dobrzyń Lake District -mesoregion of the Chełmno Lake District (315.11). In terms of administrative division, this area is situated in the Łubianka commune of the Toruń district in the province of Kujawy-Pomerania; 2 -the Lower Vistula River Valley, the Fordon Valley mesoregion (314.83), the Świecie microregion (KONDRACKI 2000) . Administratively, this area is in the Pruszcz commune in the district of Świecie in Kujawy-Pomerania, and also in the Chełmiński and Nadwiślański Landscape Park Complex (Figs 1, 2) . • location of midfield thickets in the three research areas (I, II, III) according to the UTM grid system -for a description of the research areas, see Table 1 . Research area I is typical agricultural countryside with large fields of several dozen hectares, whereas research areas II and III are situated in the Chełmiński and Nadwiślański Landscape Park Complex (ZPKChiN) with small fields of more or less one hectare and large numbers of wild plants. The locations of the research areas are given in Table 1. A detailed description of the vegetation of the midfield thickets was carried out by KRASICKA-KORCZYŃSKA on the basis of phytosociological records (BARCZAK et al. 2000) . These data were then supplemented in the next study (BENNEWICZ 2010) with changes in the coverage of herbaceous plants.
MATERIAL AND METHODS
The study was conducted in 2000-2001. The study material included aphids of the Aphididae family (Hemiptera: Aphididae).
Observations at the study sites (semi-natural habitats) were carried out each year in the period from the appearance of aphids on plants, i.e. from May, until September or October, when aphids were no longer recorded on plants.
The occurrence of aphids in different types of midfield thicket was documented on the basis of the qualitative and quantitative characteristics of aphid communities associated with particular types of thickets, using the method of observation of aphid colonies on plants which the aphids settled.
The faunistic and ecological characteristics of the material collected were based on the following parameters: species composition of aphids on marked plants, dominance structure, dominance structure similarity -the RENKONEN index -Re (it is assumed that a collection or community is similar for Re from about 50%, e.g. PAWLIKOWSKI 1985) . The test by HUTCHESON (1970) was used for qualitative-quantitative assessment, in which the index of general species diversity (H') (SHANNON & WEAVER 1963) was applied to estimate the significance of differences between the aphid communities.
The species diversity similarity of the communities was compared using the method of unweighted pair-group averaging and the Euclidean distance measure.
In accordance with KLIMASZEWSKI et al. (1980) , the following dominance classes were adopted: D4 -a very numerous species -a dominant species, making up more than 20% of the material collected in a given habitat; D3 -a numerous species -a subdominant, represented by 10.1-20% of the total number of specimens; D2 -a quite numerous species -a recedent, ranging from 3 to 10% of the material collected; D1 -a rare species, subrecedent -represented by less than 3% of the total number of specimens.
RESULTS
In 2000-2001, 17 aphid species of the family Aphididae were found to occur on 22 plant species in 10 midfield thickets (Table 2) .
Most aphid species fed on the same plants in both years of the study. But Aphis fabae is remarkable: it was recorded on five different plant species (Table 2) . 
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Salix alba + + During 2000-2001, 9 aphid species were found on 11 plant species at the edge of "forest island" L2. In both years Aphis fabae was recorded on Cirsium arvense, Aphis sambuci on Sambucus nigra, Hyalopterus pruni on Phragmites australis, Microlophium carnosum on Urtica dioica and Tuberculoides annulatus on Quercus robur in this habitat (Table 3) .
At the edge of "forest island" L1 only M. carnosum on Urtica dioica and T. annulatus on Quercus robur were recorded in both years (Table 3) .
Observations conducted in the bushes indicated that during 2000-2001, in bushes K1, A. sambuci was recorded on S. nigra, H. pruni on Prunus spinosa, Macrosiphum rosae on Rosa canina and M. carnosum on U. dioica. In bushes K2 only H. pruni occurred on Prunus spinosa in this period. In the landscape park (ZPKChiN) in bushes K3 H. pruni was observed on Phragmites australis. In bushes K4 only Metopeurum fuscoviridae was seen on Tanacetum vulgare in both years (Table 3) . 
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On field boundary strip M1, A. fabae occurred on Matricaria inodora, Cirsium arvense and Rumex obtusifolius during both years of the study. On M2, A. fabae was feeding on C. arvense and M. fuscoviridae on T. vulgare in this period. In the landscape park (ZPKChiN), H. pruni occurred on M3, on Phragmites australis and Prunus spinosa, and A. fabae was found on M4 on C. arvense. The other species of aphids were recorded in the midfield thickets in only one year of the study (Table 3) .
Nine of the seventeen aphid species found on plants in the habitats examined were recorded at the edge of "forest island" L2 (UTM 1 -CD 38). In this habitat five species of aphids (A. fabae, A. sambuci, M. carnosum, T. annulatus and H. pruni) were recorded on their host plants during both years of the study. Similarly, bushes K3 (UTM 3 -CE 21) in the landscape park, supported an abundant aphid fauna; nine species of aphids were found there as well, but only M. fuscoviridae was present in both years of the study. Field boundary strips M3 and M4 (UTM 3 -CE 21), also situated in the landscape park, and bushes K2 in the agricultural landscape (UTM 1 -CD 38) were the least abundant in aphid species feeding on plants.
Aphis fabae was recorded on three species of plants at the edge of "forest island" L2, in bushes K1 and on boundary strip M1 in the agricultural landscape, most frequently on Cirsium arvense. It was not recorded at all in midfield thickets L1, K4 and M3.
In 2000 the number of aphids considerably exceeded that in 2001 (Fig. 3) . In 2000, an average of about 13 500 aphids were found on all the plant species in the habitats examined, whereas only over 6000 individuals were recorded in 2001 (Fig. 3) .
The count of all the aphids on the plant species examined during 2000-2001 indicated that boundary M1 was the habitat where the most of those phytophages were found, on average more than 10 000 aphids (Fig. 4) . Plants on the other field boundary strips were infested to a much smaller degree, on average from less than 1300 individuals on boundary strip M3 to 3000 aphids on M2.
At the edge of "forest island" L2, an average of ca 7000 aphids were found in both years of the study, whereas at the edge of "forest island" L1 there were only about 500 (Fig. 4) .
Some 5500 aphids were found in bushes K4, and about 6300 individuals in bushes K1. There were far fewer aphids in bushes K2 and K3: on average ca 1000 aphids in K2 and ca 1600 in K3 (Fig. 4) . For description, see Table 1 .
In 2000 aphids inhabited plants at the edge of "forest island" L2, bushes K1 and K4 and on boundary strips M1 and M2, with numbers ranging from over 1500 to ca 3200 individuals (Fig. 5) . In the other habitats their mean numbers ranged from less than 200 aphids on the plants at the edge of "forest island" L1 to ca 900 on M4 (Fig. 5) . For description, see Table 1 . For description, see Table 1 .
The above data indicate that in both study years most aphids inhabited plants in typical agricultural areas: on field boundary strip M1, in bushes K1 and at the edge of "forest island" L2 (research area 1). In the landscape park, in bushes K4 (research plot 3), the average number of aphids inhabiting plants was higher than in any other habitat in this area.
Among the aphid species caught in 2000 and 2001, Aphis fabae was dominant (D4) on field boundaries M1, M2 and M4 (Table 4 ). This aphid was also subdominant (D3) in bushes K1 and at the edge of "forest island" L2 in 2000 and in bushes K3 in 2001. In both years Hyalopterus pruni was dominant in habitats L2, K1, K2, K3 and M3, and Metopeurum fuscoviridae in bushes K4 (Table 4) . * ** * ** * ** * ** * ** * ** * ** * ** * ** * **
A. fabae
These data indicate that A. sambuci, H. pruni and Tuberculoides annulatus predominated in midfield thickets such as bushes and forest habitats situated in a typically agricultural area, whereas it was mainly A. fabae that occurred on the field boundary strips. Several aphid species were co-dominant in the bushes in the landscape park, mainly H. pruni and M. fuscoviridae. The dominance structure of aphids appears to be related to the type of habitat and the accompanying vegetation rather than the study locality itself.
The species diversity of aphids inhabiting plants during [2000] [2001] , calculated with the Shannon -Weaver index, did not exceed 2.1. This demonstrates the small species diversity of aphids in the midfield thickets studied (Fig. 6) .
In both years, the communities of aphids inhabiting bushes K4 displayed both a high number and variety of feeding aphid species and a large number of aphids compared with other midfield thickets. The H' index was 2.1, and there was a statistically significant difference between most of the tested aphid communities (Figs 6-8 ). The significantly smallest species diversity was found in the aphid communities on field boundary strips, particularly M4 and M3 (research area 3) and M2 (research area 1).
As far as the species diversity of aphid communities in typically agricultural habitats is concerned, the H' index was significantly higher between aphid communities inhabiting the edge of "forest island" L2 and bushes K1 and K2, and the other sites (Figs 6-8) . In midfield thickets in the landscape park (ZPKChiN), in turn, the aphid community in bushes K4 exhibited a significantly greater diversity than the other natural habitats (Figs 6-8 In conclusion, the aphid community in bushes K4 was characterized by a significantly higher species diversity than the aphid communities of the other midfield thickets, with a low level of anthropogenic in the landscape park (ZPKChiN). In habitats K1 and L2, in turn, the species diversity of the aphid communities was significantly higher than in the other typically agricultural habitats.
After the Euclidean distance measure was applied to determine species similarity diversity in the study years, all the aphid communities were found to display a similar species diversity, except for the community on boundary strip M3, which had the significantly smallest diversity, forming a separate group (Fig. 9) . In 2000 and 2001, several groups of similar species diversity were formed by aphid communities from different habitats (Figs 10-11) . Hence, aphid communities with significantly smaller species diversity formed groups with a similar species diversity in both years.
In 2000-2001 there was a similar dominance structure of aphid species feeding on plants in the habitats between aphid communities settling the edge of "forest island" L2 and bushes K1 and K2, between field boundary strips M1 and M2 in the agricultural landscape (research area 1) and between the aphid communities in bushes K3 and on boundary strip M3 in the landscape park (research areas 2 and 3) (Fig. 12) . However, taking the years of the study separately, there was a similarity in the aphid dominance structure between the various habitats (Figs 13-14) . For description, see Table 1 . For description, see Table 1 . For description, see Table 1 . For description, see Table 1 .
In 2000 a similar dominance structure was found between the aphid communities feeding on plants in the bushes and at the edge of "forest island" L2, between the aphid communities in bushes K3 and on field boundary strip M3, and between the aphid communities in the bushes (Fig. 13) . In the following year, when a smaller number of aphids was recorded on plants, similarity in dominance structure recurred only between the aphid communities in bushes K1 and K2 and at the edge of "forest island" L2. There was also a similarity in the dominance structure of aphids between the communities along field boundary strips M1 and M2, and between boundary strips M2 and M4 (Fig. 14) . For description, see Table 1 . For description, see Table 1. Summing up, the similarity in dominance structure recurred only between habitats K3 and M3 in the Chełmiński and Nadwiślański Landscape Park Complex, and between the edge of "forest island" L2 and bushes K1 in the agricultural landscape.
DISCUSSION AND CONCLUSIONS
This paper is a continuation of a comprehensive study (BARCZAK et al. 2000) in which an attempt was made to evaluate semi-natural habitats in order to distinguish refugia for agrophages (organic agricultural land) in a farming landscape with a mosaic-like structure in the province of Kujawy-Pomerania. Similar evaluations of different midfield thickets in agricultural landscapes with respect to the occurrence of aphids have been carried out sporadically in various regions of Poland (WILKANIEC et al. 1999 , WILKANIEC 2003 , WILKANIEC et al. 2008 .
The study conducted during 2000-2001 in midfield thickets indicates that the aphid species recorded there were similar to those found by earlier researchers (BARCZAK et al. 2000) . As in the previous years, Aphis fabae, Hyalopterus pruni and A. sambuci are worthy of attention.
Recorded in large numbers in most of the thickets, Aphis fabae inhabits various plant species: it is a polytypic species with a wide range of host plants. Only A. fabae SCOP. sensu stricto is a pest of beets and broad beans, however, whereas in the present study large numbers of A. fabae were counted on Cirsium arvense, Matricaria inodora and Rumex obtusifolius. In summer, the subspecies A. fabae cirsiiacanthoidis SCOP. occurs only on C. arvense. Similarly, Rumex obtusifolius is infested only by the harmless subspecies A. fabae solanella THEOB. Arctium minus and Matricaria discoidea are frequently colonized by A. cirsiiacanthoidis, and A. fabae solanella feeds on Arctium sp. (MÜLLER 1982 , ROBERT & GALLIC 1991 , WINIARSKA 1997 . These subspecies winter on Euonymus europaeus L., like the subspecies A. fabae evonymi FABR., which spends its entire life cycle on this bush (MÜLLER 1982 . This aphid species was also found on other herbaceous plants, including weeds in sugar beet crops. In a field where the crop plants were in the initial stages of growth, the weeds Amaranthus retroflexus, Solanum nigrum and Chenopodium album were attacked considerably more frequently than the beet plants. In a later period of growth, colonies of A. fabae were also very numerous on Capsella bursa-pastoris, Malva crispa (Malva parviflora) and Ansinckia intermedia (FERNANDEZ-QUINTANILLA et al. 2002) .
Hyalopterus pruni (GEOFF.) flies from Prunus domestica and P. spinosa to Phragmites australis (COV.) and plants of the genus Scirpus sp. This aphid is recorded as a plum-tree pest and a vector of viral diseases, including plum pox (Sharka disease), caused by the plum pox virus (SZELEGIEWICZ 1968) . In the present study it was observed feeding in summer on Phragmites australis (COV.) on field boundary strip M3, at the edge of "forest island" L2 and in bushes K4. It was recorded on a winter host on the bushes of P. spinosa L. in bushes K2, K3 and K4 and on boundary strip M3. In autumn it was the dominant species on plum-trees in an orchard (STRAŻYŃSKI 2004) . In regions where reeds are harvested, H. pruni may cause deterioration in plant quality as a result of its sap-sucking, resulting in leaf yellowing and stunted growth (SĄDEJ & ROZMYSŁOWICZ 2002) .
Aphis sambuci L., a species widespread in the Holarctic, migrates from European elder (Sambucus nigra) and red elder (Sambucus racemosa) to the roots of Rumex crispus, Stellaria media, Moehringia trinervia, Melandrium album (Silena alba), or to the roots of plants of the pink family (SZELEGIEWICZ 1968 , BENNEWICZ & KRASICKA-KORCZYŃSKA 1997 . In the present study A. sambuci was the dominant species in bushes and at the edges of "forest islands" among the aphids inhabiting plants. This species was recorded on bushes of S. nigra. In different years A. sambuci was dominant among the aphids inhabiting the midfield thickets with European elder (BARCZAK et al. 2000 , BENNEWICZ 2001 . This aphid species is considered toxic towards some aphidophages, including ladybirds (BARCZAK 1994) .
In the present study it was found that in a typical agricultural region, in research area 1, most of the aphid species inhabited the edge of "forest island" L2 and the largest numbers of aphids were recorded on boundary M1, in L2 and in bushes K1.
In the Lower Vistula Valley (research area 2), bushes K4 were the richest habitat with respect to both the number of aphid species and the numbers of individual aphids.
Similarly, the species diversity of aphids inhabiting plants in these habitats was the greatest in bushes K4 in the landscape park (ZPKChiN), and in bushes K1 and at the edge of "forest island" L2 in the agricultural landscape. The species diversity of these aphid communities was similar. A similar relationship was found in a previous study conducted in [1996] [1997] [1998] [1999] in the same habitats (BARCZAK et al. 2000) .
Taking into account the above literature data and the study results presented above, it can be concluded that midfield thickets are habitats which are not inhabited by aphid species considered to be plant pests, nor are they used as dispersal sites (BENNEWICZ 2010). Moreover, feeding aphids are often subspecies not regarded as pests, as in the case of A. fabae, or else they feed mainly on herbaceous vegetation, like H. pruni recorded mostly on common reed. Aphids also play an important role as a link in the food chain. Therefore, field boundaries, shrubs and edges of "forest islands" adjacent to fields under cultivation should not be treated as reservoirs of aphid species detrimental to crops (BENNEWICZ 1996 , BENNEWICZ & KRASICKA-KORCZYŃSKA 1997 , BENNEWICZ & KACZOROWSKI 1999 , BENNEWICZ 2010 .
In regions substantially transformed as a result of human activity, such as fresh pine forests, or large areas of cultivated fields, it is clear that the greater the changes, the larger the number of dominant species. At the same time, the number of species forming more numerous groups (dominants and subdominants) decreases, which may lead to the abundance of one dominant (GĘBICKI et al. 1977 , BENNEWICZ & KACZOROWSKI, 1997 , CIERZNIAK, 2003 , BENNEWICZ & KRASICKA-KORCZYŃSKA 2004 . GĘBICKI et al. (1977) also point out that plants introduced artificially into an alien habitat may completely destroy the structure of insect communities; subsequently, the fauna of these plants is purely incidental.
Assessing midfield thickets as specific refugia, elements of environmental corridors or midfield islands, the authors have no doubts as to their usefulness both for preserving biodiversity and for species protection, and thus for crop protection using methods of biological control (CIERZNIAK 1995a , CIERZNIAK 1995b , CIERZNIAK 1996 , BARCZAK et al. 2000 , HOLLAND & LUFF 2000 , THOMAS et al. 2001 , BANASZAK & CIERZNIAK 2002 , PIEKARSKA-BONIECKA 2005 . For preserving and enriching insect fauna in trees, bushes and "forest islands", it is essential that fringe communities should occur, be allowed to remain or be created at the border between those habitats and fields. If a field abuts onto tree-trunks and bushes, then the fringe area cannot form properly under the canopy of such thickets, and herbaceous plants have poor conditions for growth. This was reported by CIERZNIAK (1995a CIERZNIAK ( , 1996 , who suggested in a study conducted on bees that in poorly developed fringe areas there was a small number of species of food plants, and a low density of bees. In the present study a similar relationship was also observed in the bushes in research area 1, where the field was ploughed right up to the tree line every year, and the number and species diversity of aphids was low.
In midfield thickets in an agricultural landscape, the increase in the number of insects is determined by the diversity of these habitats expressed in a rich plant species composition, as a source of food for herbivores (PAWLIKOWSKI 1991 , BANASZAK & CIERZNIAK, 2000 , CIERZNIAK 2003 . Many authors indicate that various trees, bushes, midfield copses, roadside verges and field boundary strips, functioning as environmental corridors between cultivated fields, have a characteristically high species abundance (PAWLIKOWSKI 1989 , BENNEWICZ & KRASICKA-KORCZYŃSKA 1997 , SALVETER 1998 , WILKANIEC et al. 1999 , BANASZAK & CIERZNIAK 2000 , BARCZAK et al. 2000 , WILKANIEC et al. 2000 , BENNEWICZ 2001 , WILKANIEC 2001 , BENNEWICZ 2002 , CIERZNIAK 2003 , BENNEWICZ & KRASICKA-KORCZYŃSKA 2004 . These studies indicate that the most valuable habitats include mainly bushes, with abundant herbaceous plants on the border between these habitats and the field. This applies to such habitats as bushes in the landscape park, or bushes and the edge of the "forest island", located among the extensive fields in the agricultural landscape.
Therefore, midfield thickets constitute an important aspect of the ecological infrastructure of an agricultural landscape. They are a source of food for adult forms of many species of melitophages and aphidophages, a source of alternative host plants for phytophages and a reservoir of alternative hosts for aphidophages, as well as a refuge. They make up an integral part of the farming landscape and play a crucial role in integrated pest management (IPM) in agricultural production (LANDIS et al. 2000) . In the 1990s a new scientific discipline regarding the creation of midfield thickets among the fields of many hectares in intensive plant cultivation came into being in such countries as the USA, Canada, New Zealand and in the so-called "old" European Union; according to LANDIS et al. (2000) , it is still in its initial phase. We should bear in mind that although in the agricultural landscape of Poland these natural refugia are essential for self-regulatory processes in agriculture and are treated as a priority by state agricultural policy, they are still underappreciated by farmers. The preservation of existing habitats for wildlife and the creation of new ones, such as environmental corridors, are the conditions for its survival in the agricultural landscape. For Poland and for the whole European Union this is an important objective of biodiversity resource preservation, coinciding with the possibility of a real increase in the acreage of organic agriculture.
